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SINGLE-ENGINEILX?-WINGAIRPLANEMODEL

ByPaul.E.PurserandMargaret.F.Spear

SuNMARY

Testshavebeenmadeofa ~-sce.le~oweredmodelofa single-
5

enginelow-whgairplanetiththreepropeller.bleiksettingsand
threevaluesoftaillengthtoprovideinformationontheeffects
ofslipstreamrotationonthedirectionalstabilityandcontrol
characteristicsofsin@e-en@neairplanes.

Est@tesoflateral-force,rolling-mcment,andyawing-mcment
coefficientsduetoslipstreamrotationatzeropitchandyawwith
flapsretractedwereobtainedfromcalculatedslipstreamcharacter-
isticsandwerefoundtocomparefavorablywithtestvaluesexcept
incasesfortiichtheverticaltailisveryneartheeffective
edgeofthedisplacedslipstream.

Analysisofthetestresultsindicatedthattheslopeofthe
yawing-momentcurveat.zeroyawdecrea~ed.generallywiththeuse
ofhigherpropellerbladeangle,s(ortorque coefficient),probably
becausethe~eatertwistintheslipstreamcaueeathevertical
tailto-stallatmnallerpositiveanglesof.yawandbecauseofan
increastiglateraldisplacementoftheslips%rei~tithincreasing
torquecoefficient.Theslopeoftheyawing-momentcwe near
zeroyawingmomentisprobablya betteriticationofthedirecticmal
stabilltyundertrimconditions.Thisslopei.ncreasedwi’&tail
lengthandvariedrelativelylittlewithchangesinbl.adeangle,

Ingeneral,theeffectivedihedralwaathesameforblade
settingsofl~”andZ!50a’ndsmallerforthe35°setting.

Theslopeofthecurveoflateralforceagainstangleofyaw
increase~withbladeangleandtaillengthforthemodelwithtail
off* Withtailon,however,changeofbladeanglehada negligible
effectonthisparameter.
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Thean@.eof yawatwhichrudderZockoccurreddid.notvary
consistentlywithbladeangle,torquecoefficient,northevalue
ofyawing-momentcoefficientatzeroyaw,andthusindicateda
rlecossityfcwusingthefull-scalethrust.tcmquerelatiorlaldpin
wind-tunneltestsmadefordeterminingtheangleofyawatwhich
rudderlockoccurs.

Ru?ider-tabsettinghada smalleffectontheangleofyawat
whichrudderlockoccurredforthenormalfuselageandtheeffect
wasnotconsistentforthetifferentvaluesofbladesetting.

IIW!RODUOTIOI?

TheNACAhasundertakena studyoftheprobl~_ofobtaining
adequatestabilityandcontrolinclimbingflightforhQh-
perfomnancesingle-engineairplanes.

.
-.

.

Amongthestabilityandcontrolprobl~ existinginpower-on
flightarethoseofobtainingadequaterqi?darm.daileroncontrol
fortrimatlowspeedsandofpreventingrudderlock(rtider-forco
reversal).Asa starttowardthesolutionOFtheseparticular
problemsa generalseriesofwind-tunneltrotshasba~madeofa
typicalsing.le-~@~airplanemodolequippedwitha single-rotating
propeller.TestsweremadeintheLangley7-by10-foottunnelat
threevaluesoftaillen@handthreevaluesofblgdenglefcra

.

thrustcoefficientsimuhtingthehigh-powercllmbcondition.The
primarypurposeofthesetestswastoprovidodatawithwhichto “
establishthevalidityofpresentmethodsforccmqutin~theout-of-
trirnforcesandwmmntspmducedbypropelJmroperatimthroughthe
actionoftheslipstreamontheverticaltail.A soctidarypurpose
wastodeterminetheeffectsofnotusingthef’ull-scslethrust- —.
torquerelaticmshipandrudder-trim-tabsettinginwind-tunneltests
madetodeterminetheangloofyawatwhichrudderlockwilloccur
ontheairplane.Thepresentpaperreportstheeetestsandthe
analysesmadeforcomparisonwiththetestdata.

coEmmnENTsANr)SYMBOLS

TheresultsofthetestsarepresentedasstandardNACAcoef-
ficientsofforcesandmornents.Rolling-,yawing-,andpitching-
momentcoefficientsaregivenaboutthecenter-of-gg?gvitylocation
showninfigure1 (28,2percentofthemeanaerodynamicchord).
Thedata-arerefenedtothestabilityaxes,whicharea system
ofaxeshavingItsoriginatthecenterofgravityandinwhich

.

.
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theZ-adsisintheplaneofsyrmwtryandperpendiculartothe
relativewind;theX-axisisintheplaneofsymetryandper-
pendiculartotheZ-axis;and.theY-atisisperpendiculartothe
planeofsymmetry.ThepositiveMrectimsofthestabilityaxes,
ofangularU splacementsoftheairplanemacontrolsurfaces,-a
ofhingemomentsareshowninfigure2.

Thecoefficientsandsymbolsaredefined.asfol.lows:

CL

c%
Cx

Cn

cl

%

Tct

%2

Qcz

liftcoefficient
()

Lift
z

liftcoefficientofisolatedverticaltail
rai::”)

lonpj!.tudinal-forcecoefficient’
()

~
C@

lateral-forcecos~fictent
()
~
C@

()L\rollinG-momentcoefficient—
‘@b

pttching-msment ()Mcoefficient—
qscy

...

()yawing-momentcoefficient~-
qsb

()
sectionliftcoefficient~

qc

()
%sectiondragcoefficient—
qc

()

TefSeffectivethrustcoefficientbased.onwingarea
~

()
thrustcoefficient+

pn%k

()

Qtorquecoefficientbased.onwingareaan~span —
qsb
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CQ

T/nD propelleradvance-diameterratio
.----.-

dC@lx differentialtlgnmtcoefficient

.-.
.

—

..-

dCQ/&K Uffc+rentlaltorquecoefficient

()Teffv
~opulsiveefficiency—

2nnQ

II hingemoment,foot-pounds

Lift= -Z

x
Y
z )
L
M
N 12doT
‘eff

Q

Q

~t

%

s

forces&long FIXeEI: pounds(seefig.2.) -

momentsabout”*s, yound-feet~seefig.2.)

bladesectionlift,pounds —.
bladesec<i.onprofiledrag, pounds

propeller

propeller

propeller

thrust,~OUXldS
. .

effecti~ethrust,pounds

torque,potid-feet

free-stream dynamic pmsmre,

(Pv2/2)
effective-c pressureat

foot

-.

pounds per squarefoot

tail,poundsyerswam

dynamic pressurebehindthepropeller,pourilspersquare
foot

wingarea,squarefeet(9.hOonmodel}

.

.

.
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.

vertical-tailarea,squmefeet(1.25onmodel)

airfoilsectionchord,feet

averageairfoilchord,feet

meanaerodynamicchortl(M.A.C.),feet
(:[’2’2’9

spanofverticaltail,feet

wi~ spin,feet(7.509onmodel)

spanwisestationofverticaltail

dinlensionlessquantity
anypointalongthe

representingtheadiMtionalliftat
spanofanairfoil

a~pectratio

taillengthmeasumdfromcenterof@“avitytoquarter-ohord
pointofvertical-tailmeanaero-c chorti

airvelocity,feetpersecond

propeller

propeller

radiusto

propelier

Mameterjfeet(2.27onmodel)

spee~,revolutionsyersecond

anypropellerbladeelanent

tipradius

ra~allocation0Shlatielement(r~~

chordwiselocationofpropeller-blademaxhmmthiclmess

massdensityofair,slu~ percubicfoot

angleofettackofthrustline,degrees

angleofattackofvertioal-tailchord,degrees
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.

$ an~e ofyaw,de~ees

*S angleoftwistinpropellerSlipstrem,de~ees

it angleofstabilizersettingwithrespecttothrustline,
degrees;pcsttiv~whentrailingei@eisdown

6 controbsurfkce

P propellerblafie

e propellerblade

Subscripts:

e

a

x.$

rT

v

t

‘!J

a

elevator

aileron

Yuddar

ruddertab

verticalt~il

veluesofforce

. :_

deflection,degrees
-.

angletit0.75radfus,degree~

angleatradiusr, degree~ —

—

andmomentcoefficientsprovidedbythetall

partialderivativeofa coefficient-withresp;cttoyaw

( )

;~~
exemple:cz~=—

z’~

par~ialderi~ativeofa coefficientwithrespecttoangleof\
attack

( )
-wexample:CL = —

ah

Themodelusedwas

MODELANDAPPmATus

cmmtructodwiththreeinterchangeable
fuselageblocksinordertopermittestsofthreevalues-oftail
length(ShOX’t, Z10Z71M~,and10~). When arrangedforthenormal-
tailconfigurationIti8a~scalemodelof”a 37.5-foot-spa.nsingle-

5
enginelow-wingairplane,Thegmeralphysicalcharacteristicsof

—

.

.

.-

.—
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thenormdmodelaregivenintablesI and11.
ofthemodelandphotomaphssho$d.ngthemodel
Lan@ey7-by10-;oot;m&el(refer&ce
and3,respectively.

Thefuselageblocksfortheshort-
tionsweredevelopedbymaintainingthe
normalfuselagebutthestationsbeh5md

7

Three-viewdrawings
mounte~inthe
showtiinfigures1

andlong-tailcunfigura-
&eiie-”ordinatesasforthe
a pOint 30.1incheshhina

thepropellercenterlinewerecontractedorexpandedtop?aide
therequireiichangeinlength.

Dimensionsoftheisolatedverticaltailwhichwastestedin
theLangleyk-by6-footverticaltunnel(reference2Jaregivenin
figure4(a]andthetestsetupis showni.nfigurek(b).

Powerforthemodelwasobtaineafroma 56-horsepowerelectric
motor,thespeedofwhichwasaetermtnedfromanelectrictachometer
whichtsaccuratetowithinH.2 percent.Thethree-bladepro-
pellerused.wassuyplimlwiththemoaelbytheBureauofAeronautics,7
NavyDepartmentandappearedtobea ~-scalemodelofanAeroproaucts

moaelno.A-20-156reaucedto13.@nibradiusbyremuvin~3 inches
franthotipan~adding1 inchattheroot.Blade-fomncharacter-
~~~s measureafromthomodelpropellerarepresanteainfigures5

●

Tm?I!ANDrLEsuLTs

TestConditions

The testsofthecompletemoiielweremaaeintheLan@.ey~-
by10-foottunnelata dynamicpressureof4.09poundspersquare
foot,whichcorrespondstoanairspeoiiofabout40milesperhour.,
ThotestReynoldsnuniberwasabout500,000basedonthewingmean
aerodynamicchordof1.31feet.Becauseoftheturbulencefactor
of1.6forthetunnel,theeffectiveReynoldsnumber(formaxdnmm
llftcoefficients)wasabout800,000.

Thotmstsoftheisolatetlverticaltailweremadeinthe
Langley4-by6-footverticaltunnelata dynamicpressureof
15poundspersquarefoot,whichcorrespondstoanairspeedofabout
76milesperhour.ThetestReynoldsnumberwasabout740,000based
onthetailmeanaerodynamicchordof1.03feet.Becauseofthe
t~buloncefactorof1.93forthetunnel,theeffectiveROWO1* .
number(formaximumliftcoefficients)wasabout1,428,000.
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Correction!

AWL.thecgmplefm-mdeldatahavebeepcorrectedfortares
.

causedbythemodels~portstrut .- Jet-boundarycorrectionshave
beenappliedtotheanglesofattack,thelongitu~~l-forcecoof-
fi.cients,andthetail-onpitching-mcmentcoefficients,Thecorrec-
tionswereccmputedasfollowsbyuseofreference3:

ACL=1.065c-Jj

-= -o.oly7c#

Fortheshorttail

Forthe normaltail

Forthelongtail

.-

a(&. )()1“36g

-.

whereLa is indegrees.AllJet-boundarycorrectionswere
a&ledtothetestdata.

!I!heliftcoefficientsoftheisolatedvetiicaltailhavebeen
correctedfortarescausedbythemodelSWPOZ%strut.Jet-
boundarycorrectionsderivedina manner&tilartothatusedin
referenceb havebeenappliedtothean@eaofattackpsfollows:

where& i.sind.egreea

TestProcedure

theteetangleofattack.

Propellercalibrattona were madebymeasuringthelongitudinal
forceofthemodelwithflapsandlandinggearretractedandtail

.

.
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offatanangleofattackof0°fore
valuesofpropellerbledesetting~
coefficientsweredetermined.frcanthe

‘c’= c~ropelleroperating-

Thetorqv.ecoefficientswereco?zputed
motortorqueesa functionofminimuzm

9

rangeofpropellerspeedfor
Of15°,25°,EUMI35°.n~t
relation

c
% ropell.erl*emoved

byuseofa calibrationof
current.Theresultsoftht3

modelpro~ellercalibrationsarepresentedinftgure7.

Power-onyawtestsweremadeatapproxWatelyOOangleof
attackandwithflapsretractedforeachprGpellerbla~esettingat
a valueof Tct ofabout1.25,whichcorrespondstoabout1500horse-
powerfora 37.’j-foot-spanfull-scaleairplaneata liftcoefficient
of2.5fora wingloadiRgof31.25poundspersquarefoot.Figure8
presentsa plotofthehoratepowerrepresentedforvariomwingloadings
andnodelscales.Thetestsweremadewiththerndderfixedatzero,
rudderfreewithtabsetat0°and20°,andtailoff.

PresentationofResults

Anoutlineofthefigurespresentingtheresultsofthetests
andanalysesfollows:

Figure

Slipstreamcharacteristics:
Estimatedbledesectionliftanddragcharacteristics
Ccunputedpropellerthrustandtorque-distributions.
-c-pressure ratiosandrota.tiadistributions

behindtheproyeller. . . . . . . . . . . . . . .

Liftcurveoftheisolatedverticaltail. . . . . . . .

Comparisonofcomputedand.testvaluesofforceand
momentcoefficients.. . . . . . . . . . . . . . . .

Ccmplete-modeltestdata:
Shorttail . . . . . . . . . . . . . . . . . . . . .
?Iormaltail.. , . . . . . . , . . . . . . . . . . .
Longtail.. . . . . . . . . .** . . . . , ● . ● ,

. . . . . 9

.0., 10

● a.. U.

. . . . 12

..,. 13

,... 14
● .*. 1P
.*.* 16
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COMPUTATION13WCEDURXS

Slipstream --

Inordertoaidintheanalysisofthetestresults,the
distributionsofthrust,torque,andslipstreamrotationalongthe
propellerbladewerecomputedbymeansofmethodsoutlinedin
references5 to7. Theliftanddragcharacteristicsofthepro-”
pellerblade.sectio.nswereestimatedfrcmthemeasuredvaluesof
thicknessh/b,positionofmaximumthicknessXt, ~&ai~in&edge
angle~, maxhmmcamberm, gndpos~tion-ofmc&lmumcamberp
(fi~.5 and6)byuseofthebta inreferences8to 10. The
bladesectionliftanddragcharacteristicsarepresentedin
figure9 andthecomputedvaluesofthr~t=-qndtorque-distributions
alongthe“piopell&”bla&e”:tie”presentedinfi,gux-e10(a]..The
computedthrustdistributionswereadjustedbytheratioofthe
measuredvaluesof @ tothecomqmtedvaluesof ~ andthe
ccmputedtorque distributionswereadjustedbytheratioofthe
measuredvaluesof Cq tothecom~utedvalueaof CQ. Adjusted
valuesarepresentedinfigure10(b).Dynamic-pressureratiosand
slipstream-rotationdistributionscmnputedfrcmtheadjustedvalues
of dC@/dxan~ dCq/clxarepresentedinfigureIl.,Theseresults
representdistributionvaluesimmediatelybehindthepropeller.

Vertical-TailLift

Ithasbeenestimated(reference11)thata wingbehindthe
propellermaydiminishtheangleoftwistintheslipstjre~by
50percent.%nco the~@e-of-a.ttqck~@tiibutlonforthevertical
tailwasassumedtobeone-half
behindthepropeller

(.
thatis,

Fora firstapproximation,
Yateachspanwisestation—
bv/2>

t~edistributionof--slipstreamtwist

c%=
)

$$B,

a curve was‘drawnhatigordinates
of

(1)

.—

.

.,

.—



.

NAOATNNO.

where cz%
tomakethe

1.146 11

is thesectionlift-curveslope.Sinceao~~sh ten~

liftdistributionassumeane12tptioalshape(refer-
ence12),theordinatesofthiscurvewereaverageawiththe
ordinatesofa semiellipsehavingthesametotalareaUnaerthe
curve.Inordertoobtaine curvehavingordinatesrepresenting
someknownquantity,theordinatesoftheaveragecurvewerereduced
sothattheareaund,erthecurvewas2. Theordinatesoftine
resultinGcurvewerethendesignateLa (reference13),which ‘

cc~A
correspondsto — becauseitcanheshownthat

bcT ‘
u

I1.0Lad~ = 2.0
-1.0 bJ2

Thevaluesof La werethenusedina second
liftcoefficientaccordingtotherelatlon

ap@xm5mation

(2)

tO the

(31

whereCL% isthelift-curveslopeoftheisolatedverticaltail
measureafromfigure12. Thedatafortheisolatedverticaltail
wereusedbecausetestsshoweathatforthisconfigurationthe
additionofthehorizontaltaildidnotincraasethelift-curve
slopeoftheverticaltail.Thisresultisprobablyauotothe
cazncelationby.mutualinterferenceofanymnalleffectthatmi.@k
bee~ecteafnomtherehtivelyhi@ looationandnarrcwchordofthe
horizontaltail.

Curvesobtainea_fromeqution(3)woreintegratedtoobtain
thovaluesoftailliftcooffi.cient.

Inoraortomakesomeallowanceforohangeindynamic-pressure
ratiobetweentheregionUrectl.ybehinatheprope~orandthe
regionaroundthevertical%11, thepropeller-slipstreamflowwas
consideredcomparabletoflowinanatiallysymmetricalheatdjet
ofair.Onfigures9 to12ofreference14,a linewasdrawnto
representthespanoftheverticaltailas17.8percentgreater
thantheradiusofthejet. (Thospanoftheverticaltailis
17.8percentgreaterthantheradiusofthemodelpropeller.)Each
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velocity-ratio
measured.The

areati,thlnthislfneandoutsidethisline was
squareoftheratio of thetotalareatothearea

withinthelinewasccmqmtedandplottedagainstlongitudinal
traverae.Theresultingvaluesofthisratiowere1.07,1.2.2,
and1.20fortheshort,normal,andlongtails,respectively.
Eachvertical-tail.liftcoefficientwasdividedbythesevaluesto
obtainthefinalvaluesof C%. Noattemptwmsmadetoaccountfor
changesinthetwist
theslipstream.

Force~

ortwistdistrilnztioncausedbyspread~ngof

andMomentsContributedbythe

VerticalTailandtheSlipstream

Lateralfor~.-Lateral-forcecoefficientsdueto
verticaltailintheslipstreamat zero yaw Cyt wgwe
forthethreetestbladeanglesandthreetaillengths

CL+V
—

~~”~

zero

that

.

—

liftonthe —
coxqmted. -.
as

Yawlngmcmnt,-Yawing-mcmentcoefficientsproducedbylift
onthevertical~~ilintheslipstreamatzeroyaw Cnt were
catnputedforthovariousblado.a@esandtaillengthsas

%+%%

%=- s-b

referencon,) TheincrementofrolJ.ing-mom&tcoefficientdue-to
liftontheverticaltailwasobtainedbygrayhicalintegrationof
thecomputedvertical-tailliftdistribution(mcmmntsmeasured
aboutlinethrough ccwdmrofgravity,paralleltothrustline).
Thisinawmontwasaddedtothecomputedtail-offvalueforthe
tail-onrollin~-mcmentcoefficient.

.
Nosatisfactorymethodwasfoundforost~tiin~tail-off

valuesof’Latmral-forcaandyawing-mmentcoefficientsatzeroyaw.

,.
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Theout-of-trimvaluesof ~ arerelativelyuntmprtant,however,
sincetheycorrespondtorathersmallanglesofbank.Theou%-of-
trimtai.l~off
canbefairly
theflap-down
streamacting

valuesof Cn, althou@s&l-lfor the model astested.~
largewhentheflapsaredeflected.Consequently,for
conditions,theyawingmomentslnducea by the dlp-
ontheflapsshouldbeconsidered.

IXC3CUSSION

C!cmparisonofComputed.andMeasuredCoefficients

Forceandraomentcoefficientsmeasuredatzeroyawweretaken
frcmtestdatapresentedinfigures14to16.

Computedvaluesoflateral-forcecoefficientareyresentedin
figure13mdcmparedwiththetestvalues.Thetestvalues
generallyapyoedwiththecomputedvalueswithin10to15percent
exceptforthecaseofthelongtailwith 9 = 35°.Thedi.sa@ee-
meniisproba%lya resultofthenearnessofthotailtotheedge
oftheslipstrmmwhichwaslaterallydisplacedbytheactionof
thewinginshearingtherotatin~stream.Thisdisplacementms
necessarilynoglectcdinthecomputations.

Computed.valuesofyawing-momntcoefficientproducedby. vertical-tailliftCnt am presentedinfigureIsandccmpared
wtthvaluesof (%)t *O

mcmm.u-edfromtestdata.Thegreatest
.

tisagpeamentOcc~Oa”at ~ . 35° forthelongfuselagp,thetest
valuebeing about30pcm.cen-tsmallerthanthoccmgnztedVQIUO.This
differencealsoisprobablycau%dbythelatb~aldisplacementof
thesUpstream.

Rolling-mcnnentcoofficionts&cm computationsan&frcmtest
resultsarecomparedinfiguro13. Sincetestvaluesof

{CzXJ@)tailoff
veryfrom50to60yercontofthetorquecoeffi-

cimt Qct, theamountofslipstreamtwistabsorbedbythowing-
fumlagecombinationwascverostimatciiinthecompxktions;thus,
testvaluesfortail-offrolling-nmmontcoefficientweremorenegative
thanestimatedvalues;Slightlybetteragreementmighthaveboon
obtainedhadsomeattemptbeenmadetocoiijyihethespanloatttng
inducbdbytheslipstreaminstoaaofusingthesimplerrelationof-1gcf.Theinorementofrollingmcunentduetothetailwasunder-
estimated;therefore,te”stvalues”oftail-onrol.ling-momont
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coefficientwerelef3sne~tivethan
forthedifferencemaybqtheeffect
producinga positivercd-lingmment;
computations.
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.
computedvalues.Onerea80n
ofthehorizontaltailin

—

thiseffectwas”neglectedin --
— -.

Fcrmostmodelsatzeropitchandyawa typicalvalue
of ac@a wouldbeabout0.002.About16°totalailerondeflec-
tionwouldthusberequiredtotrimouttherollingmcmemtonthe
ccmpletemodelwiththepropelleroperatingat ~ = 35°,InCSSGS
forwhichtheaileronpowera~earstobemarginalitwouldbewiso
tomakemoreeiccurateestimationsoftherollingamment:

Itmaybeconcluded,fromthefore~oingdiscussion,that
reasonablyaccurateestimates”oflateralforce and”rollingand
yawingmomentsinducedbythealipstroamatzeropitchandyaw
withflaparetractedmaybemadebyusingexistingrnothodsof
analysisexceptincaaesforwhichtheslipstreami.~disylaced
laterallyfarenoughtocauseitseffectivee~e tobeverynearthe
verticaltail.

Stability

Directionalstability.-Valuesof Cm. at Cn= O andat ~= o)
measuredfromfigureslk(b),l%(b),and16(b),arepresentedinthe
followingtable: .. .

P=150 t P = 250. P= 35°
Taillength

.

*=O Cn=o V.o Cn.o IJ/.o Cn.o
1

Short -0.003.3-0.0025-0.Oolj.0.0025-0.0008-0.0028
Normal -.0028 -.001!.4-,0023-,0049-.(X31O-.0043
Long -.0035-,0200-●cm4 -.0087-,Cmo3-.0084

ASmaybeseen,directionalstabilityat $. 0 docreasodin
,,’ generalwithhi.~erbladeangle.Since,fora giventaillength,

thevaluesof C!n~at Cn. O arealmost--equal,thisdecreasein
stabilityappearstobeduetothevertical-tailstalloccurrin~at
smalleryawanglesinthepositiveyawrangebecause.ofgreeter
twistofthesli~stream.Examinationofthecurvesindicatesthat
increasingtaillengthpldced”thetailnearertheedgeofthe
displacedslipstreamsothattheverticaltaileffectivelypesscd
,oLltoftheSlipstreambetk”eenOoand5°yawontielongfuselage
with~ > l’j”.

.

.
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Thevalue of
of thedirectional

15

% at Cn= O Isprobablya betterindication
stabilityundertrim conditionsthenisthevalue

= O increased. withtail
‘f Cn$ at ‘)=0“ ‘al-ues‘f Cn’$“t Cn
len@handwererelativelyunaffected.by change6“ti-%ladeangle.

Effectivedihei!ral,-Theslopesoftherollim-mcmentcurves
between-5°and5°yawweremeasuredonfiguresl~tb),15(b),
and16(b)todeterminehoweffectivedihedralvariedwithblade
angle.Fortheshortfuselagetherolling-mmnentcurveswre very
nearlyparallel.Forthenormalandlongtailstheslopesofthe
rol.lin$pmnentcurves,however,remaine~constantfor bladeangles
of15°and25°anddecreased for the bladeangleof-35°.Thedecreaselo
amountedtonotmorethan2~ effectivedihedral,baaedon the
assmnptionthata valueof cz~fof0.0002isequivalentto1°
effectivedihedral.Thisdecreaseforthelongtailindicatesthat
thetailwasneartheedgeofthedisplacedslipstream,~~hichagrees
withtheconclusionreachedfromtheyawing-momentcurves.

Lateralforce.:Thetestsshowedthatthelateral-force
yarsmeterCyq nearz6royaw~orthetail-offcurves(figs.14(a)
15(a),and16(a))increasedwithbladeangleandtaillength,as
wouldnormallybeexpectea.Changingthebladeanglehada negligible
effecton cy~ forthetail-ontests.Apparentlytheincreasein
theside-forcevariationwithyawprod,ucedbypropellxmoperationat
higherblademglmswascanceldbya greaterrateofchangeof
sidewashwithyewathi@erbladoangles.

Ru@-free characteristics.-Frcathedataofffgures14(c),
15(c),and16(c)thevalueof Cn atzeroyawcanbesoonto
increasenonlinearlywithbladeangleortorquecoefficient.No
consistentvariationisapparentbetweenangleofyawatwhich
ruihlerlockoccurredandbladeangle,torquecoefficient,,oryawing
momentatzeroyaw.Thisinconsistencyindicatesthat,inorder
topredictrudderlockfora full-scaleairplanefm$nwin&tunnel
data,trotsofthewind.-tunnelmod.elshouldlmmadounderconditions
correspondingtothethrust-torquerelationshipoftlmfull-scale
airplane.Anattem~tshouldalso% madetoroproducothefull-
scalothrust-coefficientandtorque-coefficientdistributionalong
thebladealtho@h,ingeneral,small.changesInthodistribution
shouldhaveonlysecom”myeffectsontheresults.

Effectofruddertah.-Comparisonoftheyawing-momentcurves
ofrudder-freetcmtsfortworudder-tabsettin~onthemodelwith
normalfuselage(figs.15(c)and15[d))showmthata largepositive
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tabsettingwasinsufficientfortrimandthatithada relatively
smallandinconsistenteffectinincrea~ingthenegativeangleof, - ..
yawatwhichrudderlockoccurred.A largetabwouldhavemore
effectontrimandmighthavemoreeffectontheangleofyawat
whichrudderlockoccurred.

COWIXJSIONS —

Theresultsofwind-tunneltestsofa single-engj.nelow-wing
airplanemodelequtppedwitha single-rotatingproyellerindicated
thefollowingconcluelons: —

1.Values,atzeropitchandyawwithflapsretragted,of
lateral-forceandyawing-manentcoefficientscontri?nrbedbythe
tailandofrolling-mcmentcoefficientsmaybeestimat@with —
rea8bnableaccuracyfromcalculationsof’’sl$pstreamcharacteristics
exceptincasesinwhichtheverticaltailisveryneartheedgeof
thedisplacedslipstream.

2.Theslopeoftheyawing-momentcurvenearzero’yawdecreased
asthepropellerbladeangleincreasedprobablybecauseofthe
lateraldisplacementoftheslipstream.The slopeofwe yawing-
momentcurvenearzeroyawingmoment(probablya betterindication
ofdirectimxalstabillty)increasedwithincreasingtaillength
andwasrelativelyunaffectedbychangesinbladeangle.

3.Ihgeneral,theeffectivedihedralwasthesemifor ~l&de
angles oflsoend.250anddecreasedforabladesettingof35°.

4.Tail-offtestsshowedanincreaseintheslope‘&the
lateral-forcecurvewithincreasedbladeangleandtaillength,

5.Yawing-mcmentcurvesofrudder-free.bsts ~dic=6d-&-6
necessityofusimgfull-scaletlmnist-torquerelationshipsonmodels
usedin wind-tunneltestsfordeterminingtheengle@ yawatwhich
rudderlockwilloccur.

6.Rudder-tabsettinghada smalleffectontheangleofyaw
atwhichrudderlockoccurredforthenormalfuselageendthe
effectwaenot consistentforthedifferentvaluesofbladesettin&

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryComuitteeforAeronautics

Wn@ey Field,Vs.,July 16,1946 ‘

.
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TABLEX

M?DLTlUNGAND!MIL-SdI?l?ACEDAZ!A

wing

A2n3a,sift . . . . . . . . . . ...9.40
Span,ft. o.. .o . . . . . ...7.509
Aspectratio. . . . . . . . . ...6.00
Taperratio. . . . . . . . . . ...2.00
Dihetialofohordplane,deg:
Inboardpanel...,.... ,. -0.73
Outboardpm.el. . . . . . . . . .7.75

Swmplmck,quarter-chordline,deg .0

Horizontal
teil

2,15
3*335.16

----------

0
0

------ ----

Rootsection

BreakEection

TiQsection.

. ...*. . . . . . . HACA NACA
66,2-21664,2-017

(modified)
. . . . . . . ● .,.. NACA ----------

66,2-216
.* *..,. .*, *, NACA NACA

66,~-2_f.6 6)+,2412
(mxtified)

bAn@ ofincidanceatroot,deg . .0 -----------
‘l~gl.eOflnCid~nCeetbreak,?Le~ . . 0 -----------
bAnglieof’inc?denceat%ip,deg. . .0 -----------
Meanaerodynamicchord,ft . . . , .1.31 0.68
Root chord,f% .1.68 0.84
Theoreticaltipk&~,”f~ : : : 1 : . O.~k. 0.47

%2clutiesnodorsal-finarea.
‘AngleofIncfdencemeasuredwithrespecttothrustline.

19

Vertlczil
tan

el. gj
1.335
1.30

“----------
----------
----------
----------
EACA
64,2-015
(modified)
------.---

l!lACA
64,p-012
(modtfled)
-------..-.
----------
-----------

1.03
1.35
0.59

NA3KCONALADVISORY
COMM12TIXFORAERONAUTICS

.
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TABLE11

MODELco~oL-mA~ DATA

Area,behindhin~ line,sqft
Balancearea,~q?t . . , .
Root-mean-squarechor~,behind

hirqgeline}f t,....
Distancetohinge U.ne from

normal e.g. , ft . . . . .
Controldeflection,deg . .
Trim-tabarea,sqft . . . .
Tabdeflection,deg , , . .

.

.

.
●

●

.

.

,

●

●

✎

✎

●

✌

●

✎

✎

✎

●

●

●

●

●

30
.
.

IZlevatom

● 0.392
● O;158
. O.1.*
. 3.36
UP,--20 down

● 0.0012
*15

Rudder

—. o●371
0●102

0.32

3.68
30right,30left

0.00G53—.
*23

N.’SUONALADVIS!)RY
COM41TTEEFORAERCMNJTICS

.
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(a) Shorttail.

Figurel.- Drawingsof the single-engineairplanemodel.,
showingthe threetail lengths,[Alldimensionsare in
inches~ .
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(C) Long tail.

Figure1.- ConcludedO
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Relatlvewind
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NATiONALADVISORY
COMMITTEEFORAERONAUTICS

a
x< -.

Relativewind

+ z
Figurez .-Systemof.aiesandcont~oi~-surfacehingemomenti“~”.

anddeflections.Positive“valueso“fforces,”moments,and
anglesareindicatedbyarrowa.Positivevaluesof tab
hingemoments and deflectionsare in thesamedirections,
as thepositivevaluesforthecontr’olsurfacestowhich .
thetabsareattached.‘

E.,

.
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& = 0.310(a) Shorttail. ~
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—,, . ------ -. =-.-r -. s..
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1
(c) Long-tail. -# = 0’659

Figure3.- Photographsof the single-eng”ine
airplanemodelshowing..thethreetail
lengthstested.

.
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Figure4.- lsolatedverticaltail of the single-engine
low-wingfightermodel.(Alldimensionsare in inches).
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.

Figure 9 .-B/ad~ wet Ion }if[ ond drug curveJ for
the propQ1/Qr.vJecf on the Jingle -engine low-wing
fighter model.E~t/”mated from references 8. to
/0 ; overuge b/ode ~ectjon ~e~nold~ nu,mbe~
350,000[C?pprox.1
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